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Description 

Tha Invention relates to a method of adjusting the 
transmission power In a digital radio link system by 
monitoring the received signal level and the error rate s 
estimate at the receiving end. 

On determining the transmission power of a dig- 
ital radio link system, not only the so-called constant 
power dissipations caused by the link span but also 
random signal fades caused by multi-path propaga- io 
tion, for Instance, have to be taken into account 
Therefore the transmission power of the transmitter 
Is often adjusted to a value considerably above the 
minimum transmission power which In nonmal condi- 
tions would suffice for interference-free reception at is 
the other end of the link span. Excessive transmission 
power provides the link span with a power margin 
which ensures interference-free reception even in 
difficult conditions. On the other hand, however, high 
transmission power Increases Interference In adja- 20 
cent channels or systems. This hampers the realiza- 
tion of dense radio link networks, efficient utilization 
of frequency bands and the reuse of the same fre- 
quency within the same area. 

U.S. Patent 4,004.224 discloses a method in 25 
which transmission power within a certain link span Is 
increased automatically if fading Is observed within 
this specific span, so that a constant reception power 
is maintained at the receiver. The receiver produces 
a signal representing the level of tha received signal. 30 
and this signal Is sent through a return channel to the 
transmitter for the adjustment of the transmission 
power. 

In U.S. Patent 4,309,771, the bit error rate of the 
received signal Is monitored In place of the receh^ed 35 
signal level, and the transmission power Is adjusted 
through tha return channel In such a way that the bit 
error rate of the received signal does not exceed a. 
predetermined threshold value. 

In FR Patent Specification 85 18919 (= FR-A-2 
592 256 = US-A-4 777 653) the range of adjustment 
is. in principle, divided into two portions. At low recep- 
tion levels the transmitter is instructed through the re- 
turn channel to increase power to compensate forfad- 
ing. At high levels the error rate too is monitored. If the 
error rate Is high Irrespective of the sufficient level, 
the transmission power is increased temporarily so 
that it exceeds the normal backoff of 6 dB (such as a 
backoff of 3 dB). 

EP-A-0330166 discloses a method of regulating so 
transmission power of a radio transmission which 
uses a combination of a receiver level evaluation and 
quality evaluation via the phase jitter of the signal re- 
ceived as the regulating criterion for the transmission 
power of the opposite station. ss 

EP-A-0217042 discloses a transmission system 
for electromagnetic waves consisting of a transmitter 
and a receiver with respective antennae, the receiver 
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having an associated diversity receiver. The receiver 
has a fade detector for the rapid detection of the caus- 
es of fading, switching thresholds being derived from 
the signals from the fade detector and used for 
switching the diversity receiver on and off, for reduc- 
ing or increasing the transmission power. 

The above-described methods aim at adjusting 
the transmission power so as to decrease the trans- 
mission power required In nomrtal conditions In order 
to decrease the Interference caused in other link 
spans or channels while enabling sufficient quality of 
data transmission even during the fading periods. 
These methods, however, are not sufficiently effec- 
tive In all situations. 

The object of the present Invention Is to provide 
an improved method of adjusting the transmission 
power of a digital radio link. 

According to one aspect of the invention there Is 
provided a method of adjusting the transmission pow- 
er In a digital radio link system having a transmitting 
end and a receiving end, comprising the steps 

transmitting a digital signal from a transmitting 
end of the link system at a normal transmission power 
value less than a maximum transmission power val- 
ue, 

receiving said digital signal at a receiving end 
of the link system, said received digital signal having 
at times errors and signal level changes, 

detecting and monitoring the received signal 
level and the error rata estimate at the receiving end, 

adjusting the transmission power value at the 
transmitting end in accordance with the detected sig- 
nal level and error rate estimate characterised by the 
further steps of 

monitoring the rate of change of the received 
signal level. 

temporarily Increasing the transmission power 
value at the transmitting end to a first value between 
the normal transmission power value and the maxi- 
mum transmission power value at times when either 
the error rate estimate or the rate of change of the re- 
ceived signal level In the alternative exceeds a re- 
spective predetermined threshold value. 

According to another aspect of the Invention, 
there is provided a digital radio link system, compris- 
ing at a receiving end a first means for monitoring the 
error rate estimate and for producing a first control 
signal if the error rate estimate exceeds a predeter- 
mined threshold value, and at a transmitting end 
means for adjusting the transmission power, said ad- 
justing means being responsive to the occurrence of 
the first control signal for increasing the transmission 
power, characterised In that there is further provided 
a second means for monitoring the rate of change of 
the received signal level and for producing a second 
control signal If the rate of change exceeds a prede- 
termined threshold value, and that said means for ad- 
Justing the transmission power being responsh/e to 
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the occurrence of the first or the second control signal 
by increasing the transmission power temporarily to 
a first value between a normaJ transmission power 
and the maximum transmission power 

By monitoring the rate of change of the received 5 
signal ievel, rapid fades occurring in multi-path prop- 
agation can be detected efficiently. With multi-path 
propagation, fading may be very rapid (as rapid as 
100 dB/s and more), so that changes in the level of re- 
ception can be difficult to compensate for by real- io 
time adjustment of the transmission power through 
the return channel due to, for instance, the delay of 
the return channel. In the method Of the Invention the 
transmission power Is therefore set to its highest nor- 
mal value for some time when rapid fading Is detect- is 
ed. This makes It easier to control rapidly changing 
situations and stabilizes the adjustment. In addition, 
it Is possible during multi-path fading that the received 
signal level is sufficient but errors occur in the recep- 
tion due to Interaction between channels. In the pre- 20 
ferred embodiment of the method of the Invention the 
transmission power Is therefore Increased from a val- 
ue dose to the maximum transmission power to the 
maximum transmission power If the error rate esti- 
mate exceeds the predetermined threshold value In 2S 
addition to the detected multi-path condition. This de- 
grades the signal to some extent, whereby the long- 
term error rate can be of the order of 1 E-7 ,..1E-8. In 
a muiti-path condition, it is. however, necessary to 
bring the error rates 1E-3...1E-6 under control, 30 
whereby the use of the maximum transmission power 
for a limited period of time is advisable. 

If the monitored error rate estimate exceeds the 
predetermined threshold value In normal conditions 
(no multi-path condition), the transmission power Is 35 
Increased temporarily close to the maximum trans- 
mission power, in this way rapid response to errors Is 
achieved. This kind of situation may occur due to tem- 
porary propagation conditions, whereby some remote 
system may disturb for some time. 40 

In the preferred embodiment of the Invention, 
slow variation In the level of reception, which may be 
due to variation in the k value, for Instance, is compen- 
sated for by monitoring the level of reception. If the 
level of reception falls below a predetermined mini- 45 
mum. the transmission power Is adjusted through the 
return channel by Increasing it by a small increment 
In this way the quality of the received signal remains 
sufficiently good while avoiding use of excessive 
transmission power and adjacent system Interfer- 50 
ence. 

By means of the method of the present invention, 
the transmission power can be adjusted in such a way 
that it is maintained at an optimal value In normal con- 
ditions while providing rapid response to Interferonc- 55 
es, thus ensuring interference-free receptbn. 

The invention Is also concerned with a digital ra- 
dio link system according to claim 8 for applying the 



method of the invention. 

The invention will now be described by means of 
exemplifying embodiments with reference to the at- 
tached drawings, wherein 

Figure 1 shows a block diagram of a digital radk) 
link system according to the invention; 
Figure 2 shows a flow chart of the transmission 
power adjustment unit 4 of Figure 1; 
Figure 3 shows the circuit diagram of the trans- 
mission power adjustment unit 4 of Figure 1 ; and 
Figure 4 illustrates graphically the adjustment of 
transmission power according to the invention In 
an imaginary reception situation. 
Figure 1 shows a radio link system according to 
the invention, comprising a transmitter unit 1 and a re- 
ceiver unit 2. In the transmitter unit 1 , a transmitter or 
modulator part 6 applies a modulated high-frequency 
signal to a high-frequency amplifier stage 7, such as 
an output stage, which amplifies the signal and ap- 
plies it to a transmitter antenna 3. At the other end of 
a link span 15, a receiver antenna 12 receives the sig- 
nal sent by the transmitter unit 1 and applies it to a re- 
ceiver 8, In which the signal Is detected. 

A block 9 In the receh/er unit 2 monitors the rate 
of change of the received signal level, particularly 
rapid level drops, to detect a multt-path condition, and 
produces a 1-bIt signal Sj^^^ the state of which Is 1, If 
a multi-path condition occurs, and 0 if no multi-path 
condition is present In the case of Figure 1 the block 
9 compares the present value of the AGC voltage P^e 
of the receiver 8 with a shortterm average of the vol- 
tage or merely with a preceding value. If the present 
value of the AGC voltage Pr«j deviates at least to a 
predetermined extent from the short-term average or 
the preceding value, the change is Interpreted to have 
been caused by a rapid fade, and the state of the out- 
put signal Sn,p of the block 9 is given the value 1. 

A block 10 in the receiver unit monitors the re- 
ceived signal level, and produces a 1-bit signal Smtn. 
If the received signal level is below a predetermined 
threshold value L^. In the preferred embodiment, 
the block 10 also monitors the value of the AGC vol- 
tage Proo of the receiver 8. The threshold value L^in is 
set so that the residual error rate of the system will be 
sufficiently good. The limit value is preferably of 
the order of about 1 0 to 12 dB above the threshold lev- 
el of the receiver 8. 

A block 11 1 n the receiver unit produces a 1 -bit sig- 
nal Se„ the state of which is 1 if an error condition oc- 
curs at the reception and 0 If no error condition oc- 
curs. The error condition may be, for Instance, N er- 
rors per time unit (e.g. per one minute). In the prefer- 
red embodiment of the invention the signal S^„ ob- 
tains the state 1 Immediately after N errors have oc- 
curred even though the time would not have run out 
The errors can be counted, e.g., from the parity of the 
frame. The en'or signal can also be produced from the 
pseudo-error signal occurring In connection with the 
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receiver 8. When the estimated error rate is greater 
than a predetermined threshold value, the state of the 
signal S^^ is given the value 1. 

The binary signals generated by the blocks 9, 10 
and 11 are multiplexed by a multiplexer 13 and sent 5 
through a low-capacity return control channel 14 to 
the transmitter unit 1. In the transmitter unit 1 a de- 
multiplexer 5 demultiplexes the received signal and 
applies the signals S^p, S^m and to the transmis- 
sion power adjustment block 6. The transmission io 
power adjustment block generates, on the basis of 
these signals, an adjusting voltage c(t) which controls 
the amplifier stage 7 of the transmitter unit 1. By 
means of the adjusting voltage c(t) a high-frequency 
power Pout applied by the amplifier stage 7 to the an- is 
tenna 3 can be adjusted In response to the quality of 
the signal received by the receiver unit 2. 

The functions of the transmission power adjust- 
ment unit 4 are Illustrated by the operational diagram 
of Figure 2. 20 

To begin with, the presence of a multi-path con- 
dition is monitored by detecting the state of the signal 
Smp representing an excessive rate of change of the 
signal level. If a multi-path condition is detected {S^p 
==1). the state of the signal representing an error 25 
condition Is monitored at point 22 to find out whether 
an error condition is present. If = 1, a multi-path 
condition and error condition are simultaneously 
prosent, as a result of which a maximum transmission 
power Ptnox is set at point 23, and the transmission Is so 
continued at this value for a period of time T1 from the 
last detection of simultaneous multi-path and error 
condition. With a 16QAM signal, the maximum trans- 
mission power may be, e.g., 2 to 4 dB and with a 
4QAM signal about 0 to 2 dB below the level of a 1 dB 35 
compression point The time period T1 may be of the 
orderof 5to lOmlnutes, for instance. This use of max- 
imum transmission power alms at minimizing the time 
during which the en-or rate at the reception is Inferior 
to 10^...10-9. 40 

If point 22 gives as a result Serr ~ 0 (no error con- 
dition), the transmission power Is set to a value at 
point 25, which is slightly below the maximum trans- 
mission power, and with a 1 6QAM signal, for instance, 
about 6 to 8 dB below the compression level of 1 dB. 45 
With the transmission power Pi, distortions are small 
and it is thus possible to achieve a good residual error 
rate (BBER). The transmission is continued at the 
power Pi for a time period T2 from the last detection 
of multi-path condition. The time period T2 Is of the so 
order of 15 to 20 mln. for instance. 

If point 21 gives as a result S^p = 0. that Is, there 
is no multi-path condition present, the possible pres- 
ence of an error condition is checked at point 24 by 
means of the signal If Sea = 1 at point 24, one 55 
goes to point 25, at which the transmission power is 
set to the above-mentioned value Pi for the time per- 
iod T2. Errors occuning without multi-path condition 
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may be due to interference caused by exceptional 
propagation conditions. In such a case the situation 
may continue for a long period of time and it is not ad- 
visable to send the maximum transmission power 

If point 24 gives as a result Sen- 0, the received sig- 
nal level is monitored at point 26 by means of the sig- 
nal Smin* If Smtn = 1 . that Is, the received signal level 
is below a minimum reception level 1^ the preceding 
value P^ 1 of the transmission power is Increased by 
an increment k-d , where k is a proportional coeffi- 
cient 1 , typically between 2 and 4) and d is a basic 
increase. After the increase, the maximum value of 
the transmission power should not exceed the above- 
mentioned power Pi. By selecting k > 1 , the increase 
In the transmission power is more rapid than Its de- 
crease. 

If point 26 gives as a result S^in 0, that Is, the level 
of reception Is above the minimum reception level L, 
the transmission power Is decreased from the pre- 
ceding value Pn- 1 by the increment d. These changes 
aro typically below 1 dB, because the updating Is car- 
ried out, for instance, once a minute or more frequent- 
ly. The rate of change of the transmission power 
should be less than 1 dS/s in order to prevent the In- 
terpretation of the change as a multi-path condition at 
the receiving end. The transmission power will not fall 
below a predetermined value Pq which is the trans- 
mission power in normal conditions. The link span Is 
so dimensioned that the transmission power Pq In 
normal conditions results In a reception level which (s 
above the minimum reception level L. Accordingly, 
the transmission power Is nearly constantly Pq, and 
the system operates about 12 to 14 dB above the 
threshold level of the receiver Higher power levels 
are applied only exceptionally, that is, in case of multi- 
path and error condition. 

Figure 3 shows diagrammatlcally the principles of 
one possible realization of the unit 4 for adjusting the 
transmission power. 

The signals S^p and are applied to an AND 
gate 41 the output of which Is connected to a flip-flop 
42. if both signals S^p and S^rr have the state I, the 
gate 41 and the flip-flop 42 reset and start a counter 
43 which counts the time period T1. The output of the 
flip-flow 42 causes an output LOAD1 in another flip- 
flop 44 to have the state 1 during the counting. When 
the counting of the counter 43 is completed after the 
time period T1 , the counter 43 sets the output LOAD1 
of the flip-flop 44 to the state 0. The signal LOAD1 
controls a memory circuit 45. During each cycle of a 
dock signal CL, a count corresponding to the maxi- 
mum power P^ is loaded from the memory cirouit 45 
to a counter 55 as long as the signal LOAD1 has the 
state 1. 

The signals S^p and S^r are also applied to an ex- 
clusive-OR gate 46 which controls, through a flip-flop 
47, a counter 48 counting the time period T2. The 
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counter 48 is reset and started whenever any of the 
signals S^p and S^rr has the state 1 . that is, when eith- 
er a multi-path or error condition is present An output 
signai from a flip-flop 49 is set to the state 1 during 
the counting of the counter 48 and it is applied to one s 
input in an AND gate 50. The signaJ LOA01 la applied 
to another Input, that fs, an inverting Input, in the AND 
gate, whereby the output signal LOAD2 of the gate 50 
has the state 1 only If the signal LOAD1 has the state 
0 and the output signal of the ftip-flop 49 has the state io 
1. A count corresponding to the transmission power 
Pi is applied from a memory circuit 51 to the counter 
55 during each cycle of the clock signal CLas long as 
the signal LOAD2 has the state 1. The gate 50 en- 
sures that the maximum power P„t« is loaded In the is 
first place in case of competition between P„ux and 
Pi. 

The signal S^in is applied directly to AND gates 
53. 54 and the signals LOAD1 and LOAD2 through a 
NOR gate 52. In this way, the adjustment of the trans- 20 
mission power takes place by means of the signal 
only if neither multi-path condition nor error condition 
is present, whereby the signals LOAD1 and LOAD2 
both have the state 0 and the output of the gate 52 has 
the state 1 . The signal S„,in is thereby able to affect the 25 
counter 55 through the gates 53 and 54, If the signal 
S^n = I.e.. the received level is below the minimum re- 
ception level L, an Increase k - d Is applied to the Input 
of the counter 55. If the signal S^m 0. i.e.. the minimum 
reception level is exceeded, the increment d Is ex- 30 
tracted from the contents of the counter 55 through 
an input D. The counter 55 controls internally that the 
transmission power adjusted therethrough does not 
exceed the power Pi or is not below the power Pq. 

The above-described operation can, of course, 35 
also be realized as a microprocessor programme. 

The digital output of the counter 55 Is applied to 
a D/A converter 56 which produces an analog vol- 
tage. If required, this voltage can be subjected to a 
nonlinear conversion in the block 57 If it is desired that 40 
the power Increment steps on the dB scale should be 
substantially of the same size. As a result, an adjust- 
ing voltage c(t) is achieved, by means of which one 
amplifier in the amplifier sequence of the transmitter 
is adjusted, such as the high-frequency terminal am- 45 
plifier. 

The counting block 6 described above can be re- 
alized in a simpler form. One alternative is to apply 
the same time period T1 for sending both the maxi- 
mum power P^Bx and the power P,. Thereby one cir- so 
cult suffices for the counting of time. In the micropro- 
cessor implementation, it might be possible to save a 
few program steps in this way. 

Another alternative, probably applicable with 
constant-amplitude modulation methods. Is to use a ss 
single higher power value P^ in place of the powers 
P1 and Ptnmx and correspondingly a single time period 
T2. This simplifies the realization considerably. 
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The adjusting principle could also be modified by 
monitoring possible exceeding of a predetermined 
maximum reception level U. If the received leveJ Is be- 
tween Land U. there is no need to change the power 
level. If the level U Is exceeded, the transmission 
power is decreased. An advantage of this alternative 
would be the less frequent changes in transmission 
power and more reliable detection of multi-path con- 
dition. A drawback Is the need of an additional bit to 
transfer information to the transmitter. 

Figure 4 illustrates the operation of the adjusting 
method of the invention in an imaginary reception sit- 
uation. At point A the received signal level is below the 
predetermined minimum reception level l.^ whereby 
the transmitter is adjusted to some extent (an incre- 
ment k • d is added to the counter 55) to Increase the 
power. At point B it is to be seen that the reception lev- 
el exceeds the minimum reception level L and the in- 
crement d is extracted from the counter 55. The same 
takes place during the following clock cycle at point C. 

At point D, a rapid change in the received signal 
level as compared with the short-term average Is de- 
tected, such as a difference of 3 to 5 dB or a rate of 
change which is greater than 3 to 5 dB/s. The power 
Pi dose to the maximum power is thereby adjusted 
in the transmitter. At point E both multi-path and error 
condition are detected, and the maximum transmis- 
sion power Pm« is connected to the transmitter for the 
time period T1. No further errors are detected, but the 
multi-path condition continues. At point F. the trans- 
mission power is decreased from the maximum pow- 
er Pmax to the value P, after the time period T1 has 
elapsed from the last detection E of errore. At point G 
the time period T2 has elapsed from the last detection 
of multi-path condition, whereby the transmission at 
the power Pi is interrupted and the adjustment Is be- 
gun to be carried out with the signal Sfn)„. It is thereby 
observed at point G that the minimum reception level 
L is exceeded and the output power Pout is decreased 
by the Increment d. The same takes place at point H 
within the following dock cyde and the transmission 
power falls gradually until the normal transmission 
power pQ is achieved at point I. 

At point K, an error condition occurs without the 
multi-path fading. The transmission power is thereby 
increased to the value P,. The power is transmitted 
for the time period T2 after the last detection of an er- 
ror conditton. At point L the adjustment again takes 
place with the signal S^in which decreases the trans- 
mission power gradually or monotonously toward the 
value pQ. 

The attached figures and the description related 
to them are only intended to illustrate the present in- 
vention. In their details the method and the system of 
the invention may vary within the scope of the attach- 
ed daims. 
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Claims 

1. A method of adjusting the transmission power in 
a digital radio link system having a transmitting 

end and a receiving end, comprising the steps 5 

transmitting a digital signal from a trans- 
mitting end of the link system at a normal trans- 
mission power value less than a maximum trane- 
mission power value, 

receiving said digital signal at a receiving io 
end of the link system, said received digital signal 
having at times errors and signal level changes; 

detecting and monitoring the receh/ed sig- 
nal level and the error rate estimate at the receiv- 
ing end, 15 

adjusting the transmission power value at 
the transmitting end In accordance with the de- 
tected signal level and error rate estin^te char- 
acterized by the further steps of 

monitoring the rate of change of the re- 20 
ceived signal level, 

temporarily Increasing the transmission 
power value at the transmitting end to a first val- 
ue between the normal transmission power value 
and the maximum transmission power value at 25 
times when either the error rate estimate or the^ 
rate of change of the received signal level iq the^ 
alternative exceeds a respective predeteimlned 
threshold value. 

30 

2. A method according to claim 1 . characterized In 
that the transmission power le increased tempor- 
arily to the maximum transmission power If both 
the enror rate estimate and the rate of change of 

the signal level simultaneously exceed the re- 35 
spective predetermined threshold value. 

3. A method according to claim 1 or 2, character- 
ized In that the transmission power is restored 
from the first value to the normal value after a 40 
predetermined period of time after the last detec- 
tion of an error rate estimate or a rate of change 

of the received signal level which exceeds the re- 
spective threshold value. 

45 

4. A method according to claim 3. characterized In 
that the transmission power Is restored to the nor- 
mal value as a function either In discrete steps or 
continuously. 

50 

5. A method according to any of the preceding 
claims, characterized in that the transmission 
power is increased with a predetermined Incre- 
ment if the rate of change of the received signal 
level and the en'or rate estimate do not exceed 55 
the respective predetermined threshold values 

but the received signal level Is below a predeter- 
mined threshold level. 



6. A method according any of the preceding claims, 
characterized in that the transmission power is 
decreased by predetermined increment If the er- 
ror rate estimate and the rate of change of the sig- 
nal level do not exceed the respective predeter- 
mined threshold value and the received signal 
level is not below a predetenmlned threshold val- 
ue. 

7. A method according to any of the preceding 
claims, characterized in that the rate of change 
of the received signal level Is monitored by conrw 
paring each particular signal level with a short- 
term average of the received signal level or one 
or more of the preceding discrete measured sig- 
nal levels. 

8. A digital radio link system, comprising at a receiv- 
ing end (2) a first means (11) for monitoring the 
error rate estimate and for producing a first con- 
trol signal (S* J if the error rate estimate exceeds 
a predetermined threshold value, and at a trans- 
mitting end (1) means (4) for adjusting the trans- 
mission power, said adjusting means being re- 
sponsive to the occurence of the first control sig- 
nal (Sarr) ^oc Increasing the transmission power, 
characterized In that there is further provided a 
second means (9) for monitoring the rate of 
change of the received signal level and for pro- 
ducing a second control signal (S^p) if the rate of 
change exceeds a predetermined threshold val- 
ue, and that said means (4) for adjusting the 
transmission power being responsive to the oc- 
currence of the first {Se„) or the second (Smp) con- 
trol signal by Increasing the transmsslon power 
temporarily to a first value beween a normal 
transmission power and the maximum transmls- 
sbn power. 

9. A system according to claim 8, characterized In 
that said means (4) for adjusting the transmission 
power is responsive to the simultaneous occur- 
rence of the first (S^) or the second (S^p) control 
signal for increasing the transmission power to 
the maximum transmission power. 

10. A system according to claim 8 or 9, character- 
ized in that there is further provided at the receiv- 
ing end a thind means (10) for monitoring the re- 
ceived signal level and for producing a third con- 
trol signal (S„,,n) if the received signal level is be- 
low a predetermined threshold value, and that 
said means (4) for adjusting the transmission 
power is responsive in the absence of the first 
(Secr) and the second (S,„p) control signal, to the 
occurrence of the third control signal (S^in) by in- 
creasing the transmission power by a small Incre- 
ment. 
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11. A system according to claim 1 0, charactorizod In 
that said means (4) for adjusting the transmission 
power is responsive to the absence of the first, 
second and third control signal for decreasing the 
transmission power by a predetermined Incre- 
ment 
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1. Verfahren zum EInstellen der Sendelelstung in 
einem digitalen Funkverbindungssystem, das el- 
ne Sendeselte und elne Empfangsselte aufwelst, 
wobei das Verfahren die folgenden Schritte um- 

faat 15 

- Senden eines digitalen Signals von einer 
Sendeseite des Verbindungssystems mit 
einem normalen Sendeleistungswert der 
geringer als ein maximaler Sendeleistungs- 
wert ist. 20 

• Empfangen des digitalen Signals an eIner 
Empfangsselte des Verbindungssystems, 
wobei das empfangene digitate Signal zelt- 
welse Fehler und Signal peg el schwankun- 
gen aufwelst; 25 

- Messen und Anzelgen des empfangenen 
Signalpegels und der geschdtzten Fehler- 
rate auf der Empfangsselte, 

- EInstellen des Sendeleistungswertes auf 

der Sendeseite im Einklang mit dem ge- 30 
messenen SIgnalpegel und der geschdtz- 
ten Fehlerrate, 

dadurch gokennzelchnet, da(S 

es welter die folgenden Schritte umfal^t: 

- Anzelgen der Schwankungs- bzw. Ande- 35 
rungsrate des empfangenen Signalpegels, 

- zeltweises Anhet}en der Sendeleistungswer- 
tes auf der Sendeseite auf einen erstan Wert 
zwischen dem nonmalen Sendeleistungswert 

und dem maximalen Sendeleistungswertes 40 
zu Zeiten, wenn entweder die geschfitzte 
Fehlemate Oder die Schwankungs- bzw. An- 
derungsrate des empfangenen Signalpe- 
gels alternativ einen jeweils vorbestlmmten 
Schwellenwert Oberschreiten. 45 

2. Verfahren nach Anspruch 1, 
dadurch gekennzelchnet daG 

die Sendelelstung zeitweise auf die maximale Sen- 
delelstung angehoben wird, wenn sowoht die ge- so 
schatzte Fehlerrate als auch die Schwankungs- 
bzw. Anderungsrate des Signalpegels gleichzei- 
tlg den jeweils vorbestlmmten Schwellenwert 
uberschreiten. 

55 

3. Verfahren nach Anspruch 1 oder 2, 
dadurch gekennzelchnet, da(^ 

die Sendelelstung von dem ersten Wert auf den 



normalen Wert nach einer vorbestlmmten Zelt- 
spanne nach der tetzten Messung einer ge- 
schatzten Fehlerrate oder einer Schwankungs- 
bzw. Anderungsrate des Empfangssignalpegets, 
welche den jeweils vorbestlmmten Schweilen- 
werte Oberschreltet, zuruckgesetzt wird. 

4. Verfahren nach Anspruch 3, 
dadurch gekennzelchnet daQ 

die Sendelelstung einer Funktlon folgend entwe- 
der In diskreten Schritten oder kontlnulerllch auf 
den normalen Wert zurOckgesetzt wird. 

5. Verfahren nach einem der vorhergehenden An- 
spruche, 

dadurch gekennzelchnet, dafi 
die Sendelelstung um elne vorbestlmmte Schritt- 
weite erhdht wird, wenn die Schwankungs- bzw. 
Anderungsrate des Empfangsslgnalpegela und 
die geschdtzte Fehlerrate die jewelllgen vorbe- 
stlmmten Schwelienwerte nicht Oberschreiten, 
aber der Empfangsslgnalpeget unter einem vor- 
bestlmmten Schwellenpegel llegt. 

6. Verfahren nach einem der vorhergehenden An- 
sprQche, 

dadurch gakennzeichnet, daQ 

die Sendelelstung um eine vorbestlmmte Schrftt- 
weite vermlndert wird, wenn die geschStzte Feh- 
lerrate und die Schwankungs- bzw. Anderungs- 
rate des Signalpegels den jeweils vorbestlmmten 
Schwellenwert nIcht Oberschreiten und der Emp- 
fangsslgnalpegel nicht unterhalb des vorbe- 
stlmmten Schweltenwertes liegt. 

7. Verfahren nach wenlgstens einem der vorherge- 
henden AnsprOche, 

dadurch gokannzelchnot da& 
die Schwankungs- bzw. Anderungsrate des 
Empfangssignaipegeis dadurch angezelgt wird 
durch Verglelch jedes einzelnen Signalpegels mit 
einem Kurzzeitmittel des Empfangssignaipegeis 
Oder mit einem oder mehreren vorhergehenden 
diskret gemessenen SIgnalpegeln. 

8. DIgitales Funkverbindungssystem, welches an 
der Empfangsselte (2) elne erste Elnrichtung (11) 
zum Anzelgen der geschStzten Fehlerrate und 
zum Erzeugen eines ersten Steuerslgnals (S^^) 
aufwelst, wenn die geschatzte Fehlerrate einen 
vorbestlmmten Schwellenwert uberschreltet, und 
weiter an einer Sendeseite (1) eine Elnrichtung 
(4) zum EInstellen der Sendelelstung aufwelst, 
wobei die Einstelleinrichtung auf das Auftreten 
des ersten Steuersignals {S^) anspricht, um die 
Sendelelstung zu erhdhen. 

dadurch gokennzeichnet, dafi 

weiter elne zweite Elnrichtung (9) zum Anzelgen 



7 



13 



EP 0 428 099 B1 



14 



der Schwankungs- bzw. Anderungsrate des 
Empfangssignalpegels und zum Erzeugen eines 
zweiten Steuersignals (S^p) vorgesehen ist, 
wenn die Schwankungs- bzw. Anderungsrate ei- 
nen vorbestimnnten Schwellenwert uberschreitet, 
und dal^ die Einrichtung (4) zum Einstellen der 
Sendeleistung auf das Auf treten des ersten (S^n) 
Oder des zweiten (S^p) Steuersignals durch zeit- 
weises Anheben der Sendeleistung auf einen er- 
sten Wert zwischen einer normalen Sendelei- 
stung und der maximalen Sendeleistung an* 
spricht 

9. System nach Anspruch 8. 
dadurch gekennzelchnet da& 

die Einrichtung (4) zum Einstellen der Sendelei- 
stung auf das gieichzeltfge Auftreten des ersten 
(Serr) oder des zweiten (S„,p) Steuersignals zum 
Anheben der Sendeleistung auf eine maximale 
Sendeleistung anspricht 

10. System nach Anspruch 8 oder 9. 
dadurch gekennzelchnat dad 

weiterhin auf der Empfangsseite eine dritte Ein- 
richtung (1 0) zum Anzeigen des Empfangssignal- 
pegels und zum Erzeugen eInes dritten Steuer- 
signals (Smin) vorgesehen Ist, wenn der Emp- 
fangssignalpegel unter einem vorbestlmmten 
Schwellenwert liegt. und datS die Einrichtung (4) 
zum Einstellen der Sendeleistung wShrend des 
Ausbleibens des ersten (S«rr) und des zweiten 
(Snip) Steuersignals auf das Auftreten des dritten 
Steuersignals (S^n) durch Anheben der Sende- 
leistung um eine kteine Schrittweite anspricht 

11. System nach Anspruch 10, 
dadurch gekennzelchnet, da& 

die Einrichtung (4) zum Einstellen der Sendelei- 
stung auf das Ausbleiben des ersten, zweiten und 
dritten Steuersignals zum Herabsetzen der Sen- 
deleistung um eine vorbestimmte Schrittweite 
anspricht 
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des modifications de nh/eau de signal, 

- la detection et la surveillance du niveau du 
signal re^ et I'esttmation du taux d'erreur 
au point de reception, 

- rajustement de la puissance d'dmlsslon au 
point d'dmission en fonctlon du niveau du 
signal d6tect6 et de Testlmation du taux 
d'erreur, 

caract^risd par lea stapes suppldmentairea 
de: 

- surveillance du taux de modification du ni- 
veau du signal regu. 

- augmentation temporaire de la puissance 
d'^mission au point d'^misslon d une pre- 
miere valeur situ^e entre la valour de la 
puissance normale d'^mlssion et la valeur 
maximum de la puissance d'^mlssion lors- 
que so it t'estlmatlon du taux d'erreur, solt le 
taux de modification du niveau du signal 
re^u d^passent une valeur de seuil pr^dd- 
terminde respective. 

Proc6dd selon la revendicatlon 1 , 
caractdrisd en ce que la puissance d'dmisaion est 
temporairement augmentde d la puissance de 
transmission maximum si {'estimation du taux 
d'en-eur et le taux de modification du niveau du 
signal ddpassent tous les deux la valeur de seull 
pr6d6termin6e respective. 

Proc^d^ selon la revendicatlon 1 ou 2, 
caract6risd en ce que la puissance d'Smisslon est 
ramende de la premiere valeur vers la valeur nor- 
male aprds une p^riode de temps pr6d6termln6e 
faisant suite k la dernidre detection d*un taux 
d'en-eur estimd ou d'un certain taux de modifica- 
tion du niveau du signal regu d^passant la valeur 
de seuil prdddterminSe respective. 

Proc^d selon la revendicatlon 3, 
caract6risd en ce que la puissance d'Smlsslon est 
ramende h la valeur nonnale soit par dtapes ar- 
bitraires. soit en continu. 



Revendlcatlons 

1. Proc6d6 pour ajuster la puissance d*6mission 
dans un syst&me de liaison radio num^rique muni 
d'un point d'^mission et d*un point de reception, 
ce proc^dd comprenant les stapes sulvantes : 

- I'Smission d'un signal num^rique k partir 
d'un point d'dmission du systdme de liaison, 
k une valeur de puissance d'^mission inf6- 
rieure k une valeur maximum de puisssan- 
ce d'6mission, 

- la reception dudlt signal num^rique au point 
de reception du systdme de liaison, ledlt si- 
gnal regu comportant parfols des erreurs et 



45 5. Proc^dd selon Tune quelconque des revendlca- 
tlons prdcddentes, 

caract^ris^ en ce que la puissance d'dmisslon est 
augmentde d'une valeur prdd^termin^e lorsque 
le taux de modification du niveau du signal regu 
50 et Testimation du taux d'erreur ne ddpassent pas 

les valours de seuil pr^d^termindes respectives, 
et que le niveau du signal regu est situd en des- 
sous d'une valeur de seuil pr^ddtermin^e. 

55 6. Proc^dd selon I'une des revendications prdc^ 
dentes, 

caractdrisd en ce que la puissance d'dmlsslon est 
dlmlnu^ d'une valeur ddtermin^e si Testlmatlon 
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du taux d'erreur et te taux de modification du ni- 
veau du signal ne d^passent pas la valeur de 
seuil pr^d6terniin6e respective et si ie niveau du 
signal regu n'est pas en dessous d'une valeur de 
seuil pr^d^terminde. s 

7. Proc^dd seion i'une quelconque dea revendica- 
tions prdcSdentes. 

caract^risd en ca que Ie taux de modification du 
niveau du signal regu est contr6l6e en comparant 10 
chaque niveau de signal donnd d une moyenne 
d court terme de niveaux de signaux regus ou 
avec Ie niveau mesur§ d*un 6u de plusieurs si- 
gnaux pr^c^dents choisis arbitralrement 

15 

8. Syst^me de liaison radio num^rique, compre- 
nant» au point de reception (2), un premier moyen 
(11) pour surveiiler I'estlmatlon du taux d'enreur 
et pour engendrer un premier signal de comman- 

de (Seff) si {'estimation du taux d'erreur d^passe 20 
une valeur de seuil pr6d6termin6e, et, d un point 
d'^mission (1). dea moyena (4) pour ajuster la 
puissance d'^mission. lesdits moyena d'ajuste- 
ment r^agissant ^ {'apparition du premier signal 
de commando (S^^r) on augmentant la puissance 25 
d'dmisslon, 

caractdrisd en ce qu'II est en outre pr6vu un 
deuxidme moyen (9) pour surveiiler Ie taux de 
modification du niveau du signal repu et pour en- 
gendrer un deuxidme signal de commando (S^p) 30 
si Ie taux de modification d^passe une valeur de 
seuil prdd6termin6e, et en ce que lesdits moyens 
(4) d'ajustement de ia puissance d'^mlsslon r4a- 
gissent k I'apparition du premier (S^r) ou du 
deuxidme (S^p) signal de commando en augmen- 3S 
tant temporairement la puissance d'^mission d 
une premiere valeur situde entre la puissance 
d'dmission normate et la puissance d'dmlsslon 
maximum. 

40 

9. Systdme selon la revendication 8, 
caractdrlsd en ce que lesdits moyens (4) d'ajus- 
tement de la puissance d'^mlssion r^agissent d 
i'apparition simultande du premier {S^) et du 
deuxidme (S^p) signal de commande en augmen- 45 
tant la puissance d'dmission ^ la puissance 
d'dmission maximum. 

10. Systems selon la revendication 8 ou 9, 
caractdris6 en ce qu'au point d'dmission, 11 est so 
pr^vu un troisidme nrtoyen (10) pour surveiiler Ie 
niveau du signal regu et pour engendrer un trol- 
siSme signal de commande (S^ si ie niveau du 
signal re^u se situe en dessous d'une valeur de 
seuil pr^ddtermin^e, et que lesdits moyens (4) 55 
d'ajustement de la puissance d'dmlsslon rdagis- 
sent. en I'absence du premier (Sen) ^t du deuxid- 

(Smp) signal de commande, d i'iapparitlon d'un 
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trolsldme signal (S„^ en augmentant la puissan- 
ce d'SmissIon d'une faible valeur. 

11. Systdme selon la revendication 10, 

caract6ris6 en ce que lesdits moyens (4) d'ajus- 
tement de la puissance d'^misslon rdagissent & 
I'absence dea premier, deuxidme et troisldme si- 
gnaux en diminuant la puissance d'dmisslon 
d'une valeur prdddtermin^e. 
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